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Lieutenant, U.S. Navy

Charles E. Muggleworth
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Lieutenant, U.S. Coast Guard
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Lieutenant Commander
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U.S. Navy
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Joseph S. Konicki
Lieutenant, U.S. Navy

Andrew R. Leech
Lieutenant, U.S. Navy
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Captain, Taiwan
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Lieutenant, U.S. Navy
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Lieutenant, U.S. Navy
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U.S. Navy
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Lieutenant, U.S. Navy

Silvester G. Mata
Lieutenant, U.S. Navy

Robert S. McCleland

Time-Frequency Domain Distribution and its
Application to Reciprocating Machinery Analysis

Spectral Analysis of Vortex/Free-Surface Interaction

Effect of Initial Imperfections on the Response of
Cylinders to Underwater Explosion

The Effect of Thermomechanical Processing on
Mechanical Properties of a Cast 6061 Aluminum
Metal Matrix Composite

A Transmission Electron Microscope Characterization
of Sodium Sulfate Hot Corrosion of Silicon Carbide
Fiber-Reinforced Lithium Aluminosilicate Glass-
Ceramic Matrix Composite

Dimensional Planer Pressurized Air Labyrinth Seal
Test Rig:

A Study of the Deformation of Helical Springs
Under Eccentric Loading

Analysis Approach and Assessment of Vibration
Criteria in' Shipboard Machinery Condition
Monitoring and Diagnostics

An Experimental Testbed for a Free-Floating
Manipulator

Sodium Sulfate Corrosion of Silicon Carbide
Fiber-Reinforced Lithium Aluminosilicate
Glass-Ceramic Matrix Composites

Using the ST1000/ST725 Sonars on the
NPS AUV II

Heat Transfer Studies on a Rectangular Channel
with Offset Plate Fins

Continuous Measurements of Aging Response in
Aluminum Alloys by Eddy Current Methods

Spacecraft Attitude Control System Performance

Using Pulse-Width Pulse-Frequency Modulated

Thrusters

XXXIV

165

165

166

166

167

167

167

168

168

169

169

169

170

170




Craig F. Merrill
Lieutenant, U.S. Navy

David W. Meyer
Lieutenant, U.S. Navy
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U.S. Navy

Peter J. Newton
Lieutenant, U.S. Navy

Bulent Olcay
Lieutenant Junior Grade
Turkish Navy
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Lieutenant Junior Grade
Turkish Navy
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Lieutenant Junior Grade
Hellenic Navy
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Lieutenant, U.S. Navy

E. Daniel Secor
Lieutenant Commander
U.S. Navy

Frank A. Simei, Jr.
Lieutenant, U.S. Navy

Thomas A. Tomaiko
Lieutenant, U.S. Navy
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Lieutenant, U.S. Navy
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Joseph E. Yusician
Lieutenant, U.S. Navy
Mary M. Zurowski

Lieutenant, U.S. Navy

METEOROLOGY
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Lieutenant, Ecuadorian Navy
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Lieutenant Commander
U.S. Navy
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Lieutenant, U.S. Navy
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Patrick S. Cross
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THE ANALYSIS WAKE-INDUCED UNSTEADY AERODYNAMICS
AS RELATED TO HIGHER HARMONIC CONTROL
Ahmed Ali Mohammed Hassan Abourahma-Lieutenant Colonel,
Egyptian Air Force
B.S., Military Technical College, Cairo, Egypt, 1978
M.S.C.E., Faculty of Engineering, Zagzeg University, 1988

Doctor of Philosophy in Aeronautics and Astronautics-December 1993
Adyvisor: E. Robert Wood-Department of Aeronautics and Astronautics

Performance data from the NASA-Army OH-6A higher harmonic control (HHC) flight test program showed significant
reductions in main rotor shaft torque and engine power in hover and forward flight [1]. The unsteady aerodynamics with
the higher harmonic control system application, including wake effects, were considered to study whether such power
reductions are feasible. An airfoil oscillating in pure plunge can achieve propulsive force ("Katzmayr effect"), as in the
case of birds' wings flapping in flight. Here it will be shown that this effect can be enhanced in the presence of layers
of shed vorticity with the proper phasing. In addition, while it is known that an airfoil oscillating in pitch, will typically
produce drag at most values of reduced frequency, it is found that the presence of another layer of shed vorticity of the
proper phase, can reduce the drag on the pitching airfoil and depending upon wake spacing, reduced frequency, and
phase. Under some conditions the added layer or layers of shed vorticity will even result in propulsive force acting on
the pitching airfoil similar to the "Katzmayr" effect for the plunging case. It was found, for the OH-6A helicopter, that
the measured reductions in main rotor shaft torque and engine power are feasible when evaluated with respect to the
"Katzmayr effect" and the additional drag reduction or propulsive force obtained due to pitch and plunge oscillations
with the effect of adjacent wake layers of shed votticity.

A MODEL AND ALGORITHMS FOR A SOFTWARE EVOLUTION
CONTROL SYSTEM
Salah El-Din Mohammed Badr-Lieutenant Colonel, Egyptian Army
B.S., Military Technical College, Cairo, Egypt 1976
M.S.C.E., Faculty of Engineering, Cairo University, 1988
Doctor of Philosophy in Computer Science-December 1993
Adyvisor: Valdis Berzins-Department of Computer Science

This dissertation introduces an Evolution Control System (ECS) for the Computer Aided Prototyping System CAPS.
The purpose of the ECS is to automate the scheduling and the assignment of tasks to the software designers based on
management policies and the dependencies in a model of the software configuration. The ECS controls the software
evolution process in an incrementally evolving software system where the steps to be scheduled are only partially known.
Time required, the set of sub-tasks for each step, and the input/output constraints between steps are all uncertain, and
are all subject to change as evolution steps are carried out. The ECS provides computer assistance for managing such
changes and partially automates the control of the design team and the project data. The ECS manages both the
development/prototyping data and the design team through scheduling the software tasks and assigning them to members
of the design team. The main goals of this system are: 1. Managing the evolution steps from the moment they are
proposed until their completion. 2. Reaching a feasible schedule that meets the deadline requirements or minimizes the
largest amount that a deadline is missed if all deadlines cannot be met and provides for the earliest possible completion
for those steps that either do not have deadlines or have under-estimated deadlines. 3. Maximizing the efforts of software
designers by maximizing concurrent assignments. 4. Supporting incremental replanning as additional information
becomes available. 5. Minimizing wasted design effort due to schedule reorganization as well as workers forced to wait
for completion of sub-tasks. 6. Insuring system integrity via propagation of change consequences (induced steps) to
maintain the global consistency of the database and providing serializability of updates. 7. Efficient use of space and time
for the design database and scheduling algorithm, 8. Automating the process of determining which versions of the
subcomponents belong to each version of the entire system. 9. Providing computer assistance for task decomposition
during planning using decomposition and dependency information of the previous version of the software system. The
proposed ECS system represents a management layer between the user interface (supporting two user classes, managers
and designers) and the design database which contains a record of the versions of all software objects and planned, active
and completed evolution steps.




THE DIURNAL CYCLE OF HIGH-FREQUENCY TEMPERATURE VARIABILITY
AT 0° 140° W ON SEASONAL AND INTERANNUAL TIME SCALES
Russell Eugene Brainard-Lieutenant Commander, NOAA
B.S., Texas A&M University, 1981
M.S., Naval Postgraduate School, 1986
Doctor of Philosophy in Physical Oceanography
Adyvisor: Roland W. Garwood, Jr.-Department of Oceanography

The diurnal cycle of high-frequency temperature fluctuations-attributable to turbulence and internal waves in the upper
central equatorial Pacific Ocean is found to persist over most of the period November 1983 - October 1987. Moored
temperature and velocity data in the upper 300 m at 0°, 140°W during this four-year period were used to: 1) determine
the vertical extent of the diurnal cycle of turbulence and internal waves and evaluate its contribution to the equatorial
zonal momentum balance, and 2) determine whether the diurnal cycle of turbulence and internal waves varied seasonally
and interannually in response to varying surface forcing and ambient stability conditions. Using 15-minute spot-sampled
temperature data at 35 m, 60 m, 100 m, 140 m, 200 m, and 300 m, isotherm displacement variance (IDV) was computed
for each six-hour time period as a proxy for vertical overturning and displacement associated with turbulence and internal
waves. The time series of monthly mean IDV for each of the six-hour time bins showed the magnitude of the diurnal
cycle of turbulence and internal waves (AIDV) as a function of season and depth. The diurnal change in IDV was
pronounced at both the 35-m and the 60-m depths, with nighttime IDV significantly greater than daytime IDV. This
result is consistent with TROPIC HEAT microstructure observations over two periods of a few days to weeks, showing
that IDV is a useful proxy for turbulence and internal wave energy during periods when microstructure measurements
are not available. The magnitude of AIDV decayed sharply with depth below 60 m, indicating that little diurnally--
modulated internal gravity wave energy had propagated down through the equatorial undercurrent core. Hence, internal
wave propagation does not appear to be important for loss of zonal momentum to the regions below the core of the
undercurrent. Monthly means of both IDV and AIDV at 35 m and 60 m suggest that turbulence and internal waves
varied over seasonal and interannual time scales. Seasonally, maxima of IDV and AIDV occurred during the boreal
winter, when wind speed and mixed-layer depth were at their annual maxima and shortwave radiation was at its annual
minimum. Minima of IDV and AIDV occurred during the boreal spring, when wind speed and mixed-layer depth were
at their annual maxima and shortwave radiation was at its annual maximum. Over the 48-month period of study, AIDV
at 35 m and 60 m were significantly correlated with wind speed, zonal wind, mixed-layer depth, diurnal range of mixed-
layer depth, buoyancy frequency, and shortwave radiation. The strong correlations are consistent with the use of IDV
as a proxy for turbulence-wave processes associated with shear production and buoyancy flux in the marginally stable
entrainment zone between the surface well-mixed layer and the undercurrent core.

TIDAL DYNAMICS AND MIXING OVER STEEP TOPOGRAPHY
Emanuel Ferreira Coelho-Lieutenant Commander, Portuguese Navy
B.S., Portuguese Naval Academy, 1983
M.S., Physical Oceanography, Naval Postgraduate School, 1991
Doctor of Philosophy in Physical Oceanography-June 1994
Adpvisor: Timothy P. Stanton-Department of Oceanography

Coastal currents and water column stratification frequently are determined by local phenomena that interact to produce

complex dynamics. A process study was designed to assess the role of tides over a coastal shelf break as a local source

of internal waves spatially-inhomogeneous, baroclinic residual currents, and internal mixing. The temporal evolution

~ of three dimensional stratification and currents were characterized within a 4Kmx4Km box close to the mouth of
Monterey Canyon, California. Strong, baroclinic, unidirectional, spatially inhomogeneous jet-like currents were observed
with 24 hours periods, together with the occurrence of semidiurnal thermocline oscillations and vertically mixed layers.
Linear theory of Baines (1982) predicts the existence of significant tidally forced internal waves in the area, with an
interfacial mode at the thermocline decoupled from the internal waves propagating in the weaker stratification below.
A ray tracing method is developed to study the nonlinear propagation of these tidally forced internal waves by

" considering wave advection and straining by the topographically controlled barotropic tidal flow while neglecting internal
wave-wave interactions. It is found that nonlinear interaction of tidally forced internal waves with the topographically
controlled barotropic tidal flow is a mechanism capable of forcing residual currents and internal wave shear instabilities
that are capable of creating internal mixed layers similar to those observed at the mouth of Monterey Canyon.




A FORMAL METHOD FOR SEMANTICS-BASED CHANGE-MERGING
OF SOFTWARE PROTOTYPES
David Anthony Dampier-Captain, United States Army
B.S., University of Texas at El Paso, 1984
M.S., Naval Postgraduate School, 1990
Doctor of Philosophy in Computer Science-June 1994
Advisor: Valdis Berzins-Department of Computer Science

This dissertation addresses the need for a formal method to support the merging of changes in independently developed
versions of a prototype in a computer-aided rapid prototyping system. The goal is to provide the prototype developer
with the ability to: combine independently developed enhancements to a prototype, check for consistency, and
automatically update all derived versions of a prototype with changes made to the base version. A useful semantics-
based method is provided for change-merging that is guaranteed to detect all conflicts. Prototype slicing is used to
capture the affected parts of each variation and the preserved part of the base in both variations. We then combine the
affected parts with the preserved part using our model, which includes the first use of Brouwerian algebras to formalize
the merging of hard, real-time constraints. Our Slicing Theorem guarantees that this method produces a prototype that
correctly exhibits the significant behavior of each of the input versions, provided the changes do not conflict. The
method achieves correctness by comparing the slice of the change-merged version with respect to each affected part
against the same slice of the appropriate changed version. If the slices are the same, the change-merge is correct,
otherwise a diagnostic message results. A preliminary conditional method for change-merging while programs is also
provided that is strictly more accurate than previous methods. The dissertation contributes to computer-aided software
maintenance by providing a model, algorithm and implementation for an automated change-merging tool for PSDL
prototypes. Preliminary testing shows that this tool will enhance the ability of the prototype developer to deliver a
prototype in less time by enabling more concurrency in the development effort.

COMPUTER SIMULATION OF WAVE PROPAGATION THROUGH
TURBULENT MEDIA
Charles A. Davis-Lieutenant, United States Navy
B.S., Duke University, 1983
M.S., Naval Postgraduate School, 1991
Doctor of Philosophy in Physics-June 1994
Adyvisor: Donald Walters-Department of Physics

This research used Huygens-Fresnel wave optics computer simulations to investigate the effects of high turbulence
strength and inner scale on the normalized irradiance and coherence length of electromagnetic waves propagating through
a turbulent atmosphere. These investigations developed several guidelines for validity of propagation simulations
employing a numerical, split-step, Huygens-Fresnel, method, and within these guidelines, considered five types of
turbulence spectrum inner scale: (1) zero inner scale, (2) Gaussian inner scale, (3) Hill's and (4) Frehlich's viscous-
convective enhancement inner scales, and (5) turbulence spectrum truncation from the discrete grid representation. The
simulation results showed that the normalized irradiance variance generally decreased (~30%) below the zero inner scale
values in the Rytov regime with increasing inner scale size, but increased monotonically in the saturation regime, and
agreed with 2% of the Rytov-Tatarski predictions at low turbulence strengths. The E-field coherence length in a spatially
confined beam, with either spherical or plane wave divergence and zero inner scale, followed the Rytov-Tatarski-Fried
predictions in the Rytov regime, but departed from the theory in the saturation regime. Increasing inner scale size
modified this finite beam behavior by raising the coherence length (up to ~50%) in the saturation regime.




DOUBLE EULERIAN CYCLES ON DE BRULJN DIGRAPHS
Gary William Krahn-Lieutenant Colonel, Unites States Army
B.S., United States Military Academy, 1977
M.S., Naval Postgraduate School, 1985
Doctor of Philosophy in Applied Physics-June 1994
Advisor: Harold Fredricksen-Department of Mathematics

A binary de Bruijn sequence has the property that every n-tuple is distinct on a given period of length 2". An efficient
algorithm to generate a class of classical de Bruijn sequences is given based upon the distance between cycles within the
Good - de Bruijn digraph. The de Bruijn property on binary sequences is shown to be a randomness property of the
ZERO and ONE run sequences. Utilizing this randomness we find additional new structure in de Bruijn sequences. We
analyze binary sequences that are not de Bruijn but instead possess the sufficient structure so that every distinct binary
n-tuple can be systematically "combed” out of the sequence. These complete or nonclassical de Bruijn sequences are
a generalization of the well-known de Bruijn cycle. Our investigation focuses on binary sequences, called double
Eulerian cycles, that define a cycle along a graph (digraph) visiting each edge (arc) exactly twice. A new algorithm to
generate a class of double Eulerian cycles on graphs and digraphs is found. Double Eulerian cycles along the binary
Good - de Bruijn digraph are partitioned by the run structure of their defining sequences. This partition allows for a
statistical analysis to determine the relative size of the set of complete cycles defined by the sequences we study. A
measure that categorizes double Eulerian cycles along graphs (digraphs) by the distance between the two visitations of
each edge (arc) is provided. An algorithm to generate double Eulerian cycles of minimum measure is given.

PLANT/CONTROLLER OPTIMIZATION BY CONVEX METHODS
Robert Jay Niewoehner, Jr.-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1981
M.S.E.E., The Johns Hopkins University, 1981
Doctor of Philosophy in Aeronautical Engineering-June 1994
Advisor: Isaac I. Kaminer-Department of Aeronautics and Astronautics

This report presents results of a three phase effort to demonstrate the use of convex control design techniques in
aeronautical applications. The first phase was the demonstration of a methodology by which classical aircraft controller
design requirements could be translated into the weighting matrices for H, controller synthesis. The second phase
extended that methodology to the design of mixed H,/H, controllers. The third phase considered the problem of
minimizing the size of aircraft control surfaces while meeting closed-loop dynamic performance requirements. Control
sizing is a critical element in the design of Reduced Static Stability (RSS) aircraft. Inadequate control power places the
vehicle in peril, while too much control power forfeits the benefits of RSS, resulting in poorer performance, increased
weight, increased cost, increased drag, and increased observability. Non-heuristic methods have been required by which
the physical configuration and the accompanying controller can be designed directly from the flying qualities
specifications. The optimization of the surfaces should be done while searching over the set of all controllers which,
together in closed-loop, satisfy the flying qualities requirements. This report presents a methodology which
simultaneously optimizes both the physical configuration and the control system of a rigid body, using performance
requirements which can be posed as Linear Matrix Inequalities.




A MULTILEVEL APPROACH TO THE ALGEBRAIC IMAGE
RECONSTRUCTION PROBLEM
Bruce T. Robinson-Major, United States Army
B.S., U.S. Military Academy, 1976
M.S., University of Colorado, 1985
Doctor of Philosophy in Applied Mathematics, June 1994
Advisor: Van Emden Henson-Department of Mathematics

The problem of reconstructing an image from its Radon transform profiles is outlined. This problem has medical,
industrial and military application. Using the computer assisted tomography (CAT) scan as an example, a discretization
of the problem based on natural pixels is described, leading to a symmetric linear system that is in general smaller than
that resulting from the conventional discretization. The linear algebraic properties of the system matrix are examined,
and the convergence of the Gauss-Seidel iteration applied to the linear system is established. Next, multilevel technology
is successfully incorporated through a multilevel projection method (PML) formulation of the problem. This results in
a V-cycle algorithm, the convergence of which is established. Finally, the problem of spotlight computed tomography,
where high quality reconstructions for only a portion of the image are required, is outlined. We establish the formalism
necessary to apply fast adaptive composite (FAC) grids in this setting, and formulate the problem in a block Gauss-Seidel
form. Numerical results and reconstructed images are presented which demonstrate the usefulness of these two multilevel
approaches.

IMPACT OF PHYSICAL PROCESSES ON MARITIME FRONTOGENESIS
William Travis Thompson, Naval Research Laboratory
Marine Meteorology Division, Monterey, California
B.S., San Jose State University, 1979
M.S., San Jose State University, 1981
Doctor of Philosophy in Meteorology-June 1994
Advisor: Roger T. Williams-Department of Meteorology

A hydrostatic primitive equation model initialized in a highly baroclinically unstable state was used to simulate maritime
cyclogenesis and frontogenesis. In order to identify boundary layer physical processes important in maritime
frontogenesis, several different simulations were performed. An adiabatic and inviscid simulation provided the control
for these experiments. The two different boundary layer parameterizations used were a K-theory parameterization and
a second-order closure scheme. Results indicated that strong warm and cold fronts formed in the adiabatic and inviscid
case but that the near-surface wind speed and vertical motion fields were unrealistic. In the K-theory simulation, the
results were somewhat more realistic but convergence and vorticity were weaker. Results from the second-order closure
simulation demonstrated that turbulent mixing of momentum was most important in producing the frontogenetic (and
frontolytic) effects of the transverse secondary circulation.
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INTERACTION, BURSTING AND DYNAMIC CONTROL OF VORTICES OF A CROPPED DOUBLE-
DELTA WING AT HIGH ANGLE OF ATTACK
Abdullah M. Alkhozam-ist Lieutenant, Kuwait Air Force
B.S., Embry-Riddle Aeronautical University, Daytona Beach Florida, 1987
Master of Science in Aeronautical Engineering-March 1994
Advisor: Sheshagiri K. Hebbar-Department of Aeronautics and Astronautics

A flow visualization study of the vortical flow over a cropped double-delta wing model with sharp leading edges and
its three derivatives with small geometric modifications (fillets) at the strake wing junction was conducted in the Naval
Postgraduate School water tunnel using the dye-injection technique. The fillets increased the wing area of the baseline
model by 1%. The main focus of this study was to evaluate the effect of fillets on vortex core trajectories, interactions
and breakdown on the leeward surface at high angles of attack (AOA) with zero sideslip angle. Comparison of test
results for different fillet shapes indicates delay in both vortex interaction and breakdown at high AOA, particularly for
the diamond fillet shape. The vortex breakdown data implies lift augmentation for both static and dynamic case, with
the static data correlating well with recently published numerical data.

MATCH NUMBER, FLOW ANGLE, AND LOSS MEASUREMENTS DOWNSTREAM OF A TRANSONIC
FAN-BLADE CASCADE
Jeffrey Gerald Austin-Lieutenant, United States Navy
B.S., University of Puget Sound, 1985
Master of Science in Aeronautical Engineering-March 1994
Advisor: Ray P. Shreeve-Department of Aeronautics and Astronautics

Two dimensional flow measurements of Mach number and flow angle were conducted downstream of a transonic fan-
blade cascade at a Mach number of 1.4 to provide baseline data for assessing the effect of vortex generating devices on
the suction surface shock-boundary layer interaction. The experimental program consisted of the design and calibration
of a traversing three-port pneumatic probe to measure Mach number and flow angle and initial cascade measurements
to provide baseline data for the fully-mixed-out total pressure loss coefficient and flow turning angle. Similar tests are
planned with the vortex generating devices installed. Comparisons with and without the vortex generating devices are
needed to quantify the overall effect on the shock-boundary interaction in a transonic fan-blade passage, and to assess
the potential for using vortex generating devices in military engine fans.

NPS STATE VECTOR ANALYSIS AND RELATIVE MOTION PLOTTING SOFTWARE FOR STS-51
Lee Allen Barker-Lieutenant, United States Navy
B.S., United States Naval Academy, 1984
Aeronautical and Astronautical Engineer-March 1994
Master of Science in Astronautical Engineering-March 1994
Advisor: Rudolf Panholzer-Space Systems Academic Group

This thesis outlines the objectives, structure, and operation of the software designed to meet requirements set forth by
Development Test Objective 700-6 for the space shuttle Discovery mission STS-51. The primary goals were the
comparison of state vector information produced by GPS sources and Discovery's inertial navigation computer, and the
real-time display of relative position and rendezvous information between Discovery and a retrievable shuttle pallet
satellite. In-flight and post-flight examination of GPS and inertial state vectors provided the first step in the development
of GPS as an on-orbit navigation system. Analysis of the Orbiter and target satellite state vectors produced real-time
graphical displays of operationally significant data to the Discovery's flight crew during rendezvous and proximity
operations.
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ARTIFICIAL NEURAL NETWORK MODELING OF DAMAGED AIRCRAFT
Clifford A. Brunger-Lieutenant, United States Navy
B.S.E.E., United States Naval Academy, 1984
Master of Science in Aeronautical Engineering-March 1994
Adyvisor: Daniel J. Collins-Department of Aeronautics and Astronautics

Aircraft design and control techniques rely on the proper modeling of the aircraft's equations of motion. Many of the
variables used in these equations are acrodynamic coefficients which are obtained from scale models in wind tunnel tests.
In order to model damaged aircraft, every aerodynamic coefficient must be determined for every possible damage
mechanism in every flight condition. Designing a controller for a damaged aircraft is particularly burdensome because
knowledge of the effect of each damage mechanism on the model is required_before the controller can be designed. Also,
a monitoring system must be employed to decide when and how much damage has occurred in order to re-configure the
controller. Recent advances in artificial intelligence have made parallel distributed processors (artificial neural networks)
feasible. Modeled on the human brain, the artificial neural network's strength lies in its ability to generalize from a given
model. This thesis examines the robustness of the artificial neural network as a model for damaged aircraft.

COURSE MODULE FOR AA 2021: WING STRUCTURAL DESIGN PROJECT
Stephen A. Burris, P.E.-Lieutenant Commander, United States Navy
B.S., Mechanical Engineering, 1982
Master of Science in Aeronautical Engineering-March 1994
Advisor: Gerald H. Lindsey-Department of Aeronautics and Astronautics

This thesis defined a fundamental approach for aircraft wingbox design appropriate for an introductory course in aircraft
structures based upon material strength and stiffness requirements. The process developed sought to encompass major
conceptual engineering design considerations that ranged from load estimation at various points in the subsonic flight
envelope, to initial structural sizing and layout. The goal was to present a process that could be readily conducted via
hand calculations and applied by any student entering basic aircraft structures design. The sequence of analysis began
with application of a comprehensive panel code method developed by NASA Ames Research Center known as PMARC.
Loads obtained from the code were then used to formulate a strength of materials study of the structure subjected to
combined bending, shear and torsion. The static load approach allowed initial estimation of component sizing based
upon material or buckling allowable stress selection. Finally, the study demonstrated a strength to weight ratio
comparison. Several calculation examples and computer-based spreadsheets were prepared for rapid analysis of multiple
option design scenarios. Since the study employed analysis methods that could be performed without the aid of a finite
element routine or extensive computer programming knowledge, it serves as a good introduction for the entry and
intermediate level structural engineer.

CONSTRUCTION AND WIND TUNNEL TEST OF A 1/12TH SCALE
HELICOPTER MODEL
Michael Anthony Capasso-Lieutenant Commander, United States Navy
B.S., Rutgers University, 1982
Master of Science in Aeronautical Engineering-September 1994
Advisor: E. Roberts Wood-Department of Aeronautics & Astronautics

This thesis reports on the construction of a 1/12th scale model of the award winning Arapaho attack helicopter design
and wind tunnel test to determine both the model and full scale equivalent flat plate area. Tests were conducted for 1g
level flight and included yawed flight conditions up to 10 degrees. The significance of equivalent flat plate area for
helicopters is that it is the principal parameter that establishes rotor propulsive force requirements. The Model was
constructed from the original design submitted by the 1993 NPS Helicopter Design Team and is 47.5 inches long with
a 48-inch main rotor diameter. The model was tested in the NPS Low Speed Wind Tunnel to measure the drag force on
the main body of the model at wind tunnel velocities up to 72 knots. Drag force on the model was also measured with
the rotor head and longbow radome installed, and at various yaw angles up to 10 degrees. The equivalent flat plate area
was then calculated from these measurements and compared to other helicopters. Recommendations for further wind
tunnel testing were made.
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LOW-SPEED WIND TUNNEL TESTING OF THE NPS/NASA AMES
MACH 6 OPTIMIZED WAVERIDER
Mark Edward Cedrun-Lieutenant, United States Navy
B.S., United States Naval Academy, 1984
Master of Science in Aeronautical Engineering-June 1994
Adyvisors: Conrad Newberry and J. Bowles-Department of Aeronautics
and Astronautics

Low-speed wind tunnel tests were conducted to determine the subsonic aerodynamic characteristics of an optimized
supersonic (Mach 6) conical-flow waverider designed for a deck-launched intercept mission. These tests are part of the
continuing waverider research being conducted by the Naval Postgraduate School and the NASA Ames Research Center.
The tests consisted of performing « and B sweeps, at different dynamic pressures, with a 15 inch aluminum waverider
model in the NPS low-speed wind tunnel. Force and moment data were then collected using a six-degree-of-freedom
sting balance. Coefficients of lift, drag and pitch were calculated from the data and compared to theory and existing
waverider subsonic aerodynamic performance data. Flow visualization using tufts was also done. The results of the
experiments show that waverider exhibits high lift characteristics at positive angles of attack. The design also compares
favorably with both subsonic thin airfoil theory and the results of the delta wing and subsonic waverider analysis done
by Vanhoy. However, flow visualization showed that vortex bursting and flow separation occurred at a dynamic pressure
of 12.11b,attack. Based upon the data collected in this analysis, the development of an actual waverider aircraft using
the NPS/NASA Ames waverider design as a baseline is a plausible endeavor.

EFFECT OF JUNCTURE FILLETS ON DOUBLE-DELTA WINGS
UNDERGOING SIDESLIP AT HIGH ANGLES OF ATTACK
Wen-Huan Chang-Lieutenant Colonel, Republic of China Air Force
B.S., Chinese Air Force Academy, 1979
Master of Science in Aeronautical Engineering-September 1994
Advisor: S.K. Hebbar-Department of Aeronautics & Astronautics

A flow visualization study of the vortical flow over a baseline double-delta wing model and a diamond fillet double-delta
wing model, both with sharp leading edges, was conducted in the Naval Postgraduate School water tunnel using the dye-
injection technique. The diamond fillet increased the wind area of the baseline model by 1%. The main focus of this
study was to observe the effect of juncture fillet on the vortex core trajectory and vortex burst location on the wing
surface at high angles of attack with sideslip angles. The data reported in this thesis is believed to be the first of its kind
on the effect of juncture fillets on double-delta wings undergoing sideslip at high angles of attack. The results indicate
that the strake vortex burst point moves upstream with increasing angle of attack at zero sideslip angle; but at constant
angle of attack the windward side starke vortex burst location moves upstream and inboard while the leeward side vortex
burst point moves downstream and outboard with increasing sideslip angle. Comparison of test results between the
baseline model and the diamond-fillet model indicates a clear delay for the latter model in terms of both vortex core
trajectory and breakdown location at high angles of attack with and without sideslip angle. The vortex breakdown data
for the diamond-fillet model implies lift augmentation during sideslip motion, thus supporting the concept of flow control
using fillets.
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EVALUATION OF THE HAWORTH-NEWMAN AVIONICS
DISPLAY READABILITY SCALE
Charles F. Chiappetti-Lieutenant, United States Navy
B.S., University of Kansas, 1987
Master of Science in Aeronautical Engineering-September 1994
Adpvisor: Judith H. Lind-Department of Operations Research

This study investigates the suitability of the Haworth-Newman Display Readability Rating Scale as a performance-based
test and evaluation tool. This evaluation has been necessary to determine if the scale actually measures display
readability, and if consistent, reproducible results are attainable. Background information on the scale's development
is presented along with a brief description of display readability characteristics. A technique for systematic degradation
of display readability and a method of displaying degraded symbology sets is introduced. A flight simulation experiment
was conducted to obtain performance data, Haworth-Newman readability ratings, and participants' written comments for
each of the degraded symbology set levels. Five Naval test pilots attempted to main specified heading, altitude, and
airspeed while utilizing the ten levels of symbology sets and then used the Haworth-Newsman scale to rate the display
readability for each. Experimental results are discussed and recommendations presented.

COMBUSTION EFFICIENCY IN A DUAL-INLET
SIDE-DUMP RAMJET COMBUSTOR
Martin William Deppe-Lieutenant, United States Navy
B.S., United States Naval Academy, 1984
Master of Science in Aeronautical Engineering-June 1994
Advisor: David W. Netzer-Department of Aeronautics and Astronautics

A dual, axially-in-line, side dump, liquid fueled ramjet combustor was designed and tested with varying fuel-air-ratios,
atomizer types, and air distributions between the two inlets. Particle size distributions produced by the atomizers were
measured at the inlet duct plane. When operated in a contra-flow direction, all of the atomizers produced excellent
atomization with a Sauter mean diameter less than 14 microns. The dual in-line inlets provided improved flammability
limits and combustion efficiencies at lean fuel-air ratios when compared to single side-dump performance. Direct
injection of approximately 20% of the fuel flow into the dome region was found to provide improved lean flammability
limits for the single side-dump, but was not required with the dual inlets. The fuel distribution in the inlet duct required
for good flammability limits and combustion efficiency was opposite to that required to prevent pressure oscillations,
indicating that a dump plane aero-grid will often be necessary. A dump angle of 45° resulted in lower than desired
combustion efficiencies, apparently due to poor mixing with the air form the aft inlet.

AN EXPERIMENTAL INVESTIGATION OF JET-INDUCED
GROUND EFFECTS AND SUPPORT STRUT INTERFERENCE
ON A STOVL CONFIGURATION IN HOVER
William Dooley-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1978
Master of Science in Aeronautical Engineering-June 1994
Advisor: Sheshagiri Hebbar-Department of Aeronautics and Astronautics

A small-scale ground-effect test rig was designed and fabricated to study the ground-plane flow field generated by a
STOVL aircraft in hover. The objective of the research was to support NASA Ames Research Center's planning for the
upcoming large-scale powered model hover tests for the ARPA sponsored ASTOVL program. Specifically, small-scale
oil-flow visualization studies were conducted to make a relative assessment of the aerodynamic interference of two
proposed support-strut configurations on the ground-plane stagnation line. A simplified flat-plate model representative
of a generic jet-powered STOVL aircraft with both the lift fan and the main engine simulated by air jets, with nozzle
pressure ratios closely matching those of the large scale tests, was utilized. The flow visualization data clearly identified
an aft shift in the stagnation line location for both strut configurations. Although the data indicated a slight reduction
in the aft shift for the wider strut configuration, considering the experimental uncertainties involved it was concluded
that either of the strut configurations caused only a minor aerodynamic interference.
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INVESTIGATION OF SUPPORT STRUCTURE INFLUENCE ON THE FLOW FIELD
NEAR THE WINGTIP OF A STOVL CONFIGURATION IN HOVER
Edgar Rogers Enochs-Commander, United States Navy
B.S., United States Naval Academy, 1977
Master of Science in Aeronautical Engineering-September 1994
Adpvisors: S.K. Hebbar and M.F. Platzer-Department of Aeronautics and Astronautics

Acquisition phase (Concept Exploration) of the Advanced Short Takeoff/Vertical Land (ASTOVL) aircraft development
includes, among other tests, evaluation of forces and moments on a large-scale powered model (LSPM) suspended in
the Outdoor Aerodynamic Research Facility (OARF) at the NASA Ames Research Center. This investigation assessed
the influence of the OARF support structure upon the flow field through LDV measurements in the vicinity of the struts
and the wingtip of a generic flat-plate model mounted in the sub-scale NPS ground-effects test rig. The model was a twin
subcritical jet configuration with the nozzles arranged in tandem. The test environment was saturation seeded using a
smoke generator and LDV measurements were made in the entrained flow. Non-coincident measurements were made
to determine the three component mean velocities at points in the region of interest and the component mean and
composite mean velocities compared for configurations with struts present and struts removed. Variations were
discernible in the component mean velocities between samples both in the same strut configuration and between the
struts-installed and struts-removed configurations, but were generally small enough to be considered negligible.

WIND TUNNEL PERFORMANCE COMPARATIVE TEST RESULTS OF A CIRCULAR CYLINDER
AND 50% ELLIPSE TAILBOOM FOR CIRCULATION CONTROL ANTITORQUE APPLICATIONS
David Thomas Fisher-Lieutenant, United States Navy
B.S., United States Naval Academy, 1985
Master of Science in Aeronautical Engineering-March 1994
Advisor: E. Roberts Wood-Department of Aeronautics and Astronautics

A low speed wind tunnel study to quantitatively evaluate the performance (lift and drag) of a circular cylinder and
comparable 50% ellipse circulation control tailboom model was conducted. Circular cylinder performance was evaluated
at slot positions of 80° to 135°, measured relative to freestream; 50% ellipse performance was measured for angles of
attack between -5° and 30°. Tests were conducted at three blowing coefficients, 0.3, 0.4 (optimal historically) and 0.5,
to evaluate tailboom performance sensitivity. Circular cylinder test results revealed optimal c, values at an approximate
116° slot position, corresponding to ¢, values no greater than that of a smooth cylinder. The 50% ellipse results revealed
optimal ¢, values at approximately 18° AOA, though associated with considerable drag. * For all three blowing
coefficients, the circular cylinder L/D values were consistently three to four times greater than their 50% ellipse
counterparts. Recommendations for future NOTAR™ tailboom design modifications and later research are made.

DESIGN AND EVALUATION OF A LQR CONTROLLER
FOR THE BLUEBIRD UNMANNED AIR VEHICLE
Brian T. Foley-Lieutenant, United States Navy
_ B.A., College of the Holy Cross
Master of Science in Aeronautical Engineering-September 1994
Advisor: Isaac I. Kaminer-Department of Aeronautics and Astronautics

The modern aerospace controls engineer is provided with a variety of powerful tools to aid in the design and testing of
digital flight control systems. The current fiscal environment requires extensive validation of all aerospace based systems
through simulation and hard-in-the-loop testing prior to implementation. This work explores the design and evaluation
of an Automatic Flight Control System (AFCS) for the Bluebird Unmanned Aerial Vehicle (UAV). Software tools such
as MATLAB and MATRIX, are used to evaluate the dynamic stability of the aircraft model and Linear Quadratic
Gaussian algorithms are used to obtain the appropriate controller. Graphical design applications such as SIMULINK
and SystemBuild are then used to build a visual block diagram model of the aircraft dynamics and link it with the
designed controller. Using this model, the control system response to commanded inputs and external disturbances was
evaluated.
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DESIGN AND MONTE CARLO ANALYSIS OF AN UNMANNED AERIJAL VEHICLE
Joseph Paul Fordham-Lieutenant, United States Navy
B.S., United States Naval Academy, 1985
Master of Science in Aeronautical Engineering-December 1993
Adyvisor: Isaac Kaminer-Department of Aeronautics and Astronautics

In the last several year, software innovations and the increasing speed and availability of microcomputers and
workstations have made the dynamic simulation of complex systems more practical. One such system, a short-range
Unmanned Aerial Vehicle called Bluebird, was previously modeled on Simulink, a commercial software package. The
high fidelity model includes six degree of freedom nonlinear equations of motion with onboard sensors and a Global
Positioning System and inertial navigation system. Because of interest expressed by the Unmanned Aerial Vehicle Joint
Program Office in how accurately a UAV could identify a target's geographical coordinates, the Bluebird model, with
an added guidance and control system, was evaluated as to its navigational and attitudinal accuracy in a dynamic
simulation using Monte Carlo techniques. Because of the modular nature of the simulation, future evaluations of manned
or unmanned aircraft and avionics will involve relatively uncomplicated changes to the existing model.

VALIDATION AND IMPLEMENTATION OF OPTICAL DIAGNOSTICS FOR
PARTICLE SIZING IN ROCKET MOTORS
Paul Vincent Gomes-Lieutenant, United States Navy
B.S., University of Washington,1986
Master of Science in Aeronautical Engineering-December 1993
Advisor: David Netzer-Department of Aeronautics and Astronautics

Aluminum oxide (A1,0,) particles of known size distribution were cast into a solid propellant which burned at
temperatures less than the melting point of A1,0;. Thus, particles of known size distribution existed at the nozzle inlet
and in the plume. Malvern particle sizing instruments were used to make measurements at these two location using a
windowed subscale motor and the results were compared to the known distribution. In the motor, measurements were
limited due to disruptive flow from the window purge gas. However, the unaffected larger modes were properly
measured. In the plume, the measurements of the modes were quite accurate, but low signal strength resulted in some
inaccuracies for the mass contained in each mode. A phase Doppler particle analyzer was adapted to an existing plume
probe. Initial measurements at two radial locations were in good agreement with the expected size distribution.

DESIGN OF A GPS AIDED GUIDANCE, NAVIGATION, AND CONTROL SYSTEM FOR TRAJECTORY
CONTROL OF AN AIR VEHICLE
Eric N. Hallberg-Lieutenant, United States Navy
B.S., University of Pennsylvania, 1984
Master of Science in Aeronautical Engineering-March 1994
Advisor: Isaac I. Kaminer-Department of Aeronautics and Astronautics

The advent of GPS has afforded the aerospace controls engineer a powerful, new means of controlling air vehicles. This
work explores a new method of designing and implementing controllers and guidance systems for autonomous control
of air vehicles utilizing a GPS integrated guidance, navigation and control system. This is a subject of considerable
interest when realizing controllers to track reference trajectories given in an inertial reference frame. The design,
implementation, and dynamic simulation of a precise tracking trajectory controller for an Unmanned Air Vehicle (UAV)
is presented. This design provides a natural conversion of commands and other measured outputs (such as GPS signals)
from an inertial reference frame to a body-fixed reference frame. This achieves automatic recruiting of the actuators
“while preserving the properties of the original design (linearization principle).
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COST EFFECTIVENESS ANALYSIS OF WINGSHIP COMBATANTS
Monroe B. Harden, Jr.-Captain, United States Army
B.S., United States Military Academy, 1984
Master of Science in Aeronautical Engineering-September 1994
Advisor: Conrad R. Newberry-Department of Aeronautics and Astronautics

An analysis of the tactical and cost effectiveness of wing-in-ground-effect aircraft (wingships) used as naval surface
combatants was conducted. Wingships were compared to current surface combatant warships, carrier based aircraft, and
long range bomber aircraft in their projected ability to conduct cruise missile, interdiction bombardment ashore, air
defense, and mine warfare missions. Wingships were found to be most effective when a rapid strategic deployment is
necessary, such as a response to a regional crisis. Wingships are capable of accomplishing all four missions studies, but
are environmentally limited by high sea states and periods of excessive sea loiter. Several technical risk areas are
discussed, including lessons learned from Russian wingship experience. The costs of maintaining a fleet of wingships
at CONUS bases was compared to the costs of maintaining surface combatant and carrier groups at sea. Projected
acquisition and operating costs are higher for wingships than for the other methods, but their tactical and strategic speed
advantages offer a unique combat capability.

ADAPTIVE CONTROL FOR A SPACECRAFT ROBOTIC MANITPULATOR
George Janvier IV-Lieutenant, United States Navy
B.S., United States Naval Academy
Master of Science in Electrical Engineering-December 1993
Master of Science in Aeronautical Engineering-December 1993
Advisors: Brij Agrawal-Department of Aeronautics and Astronautics and
Roberto Cristi-Department of Electrical and Computer Engineering

This research involves the development of an adaptive control law for a space based two-link robotic manipulator. Non-
adaptive controllers are first obtained utilizing feedback linearization techniques. A direct adaptive controller is then
developed through the linear parameterization of the system dynamics, and the implementation of a Kalman Filter based
adaption law. The controllers are then simulated and compared for various levels of system parameter uncertainty. The
adaptive controller is found to be superior to the non-adaptive controllers for high levels of system parameter uncertainty.
The non-adaptive controller is found to compare favorably to the adaptive controller in some areas for low values of
system parameter uncertainty. The non-adaptive controller is implemented experimentally, consistent with hardware
constraints. Experimental results verify the need for adaptive control when system dynamics are present which have not
been modelled.

HYDRODYNAMIC OF FLOWFIELD VISUALIZATION STUDIES OF A MACH 6 WAVERIDER
Lowell Morgan Johnson-Lieutenant, United States Navy
B.S., University of Wisconsin-Madison, 1985
Master of Science in Aeronautical Engineering-March 1994
Advisor: Conrad F. Newberry-Department of Aeronautics and Astronautics

Flowfield visualization studies of a conical flow derived waverider were conducted in the Naval Postgraduate School
water tunnel facility, as part of an ongoing effort by the Naval Postgraduate School and the NASA Ames Research
Center. The model, with an 8 inch root chord, 7.5 inch span and an aspect ratio of 1.41, was designed and constructed
with an integrated forebody engine inlet ramp system and cowling for a hydrocarbon scramjet type propulsion system.
Still photographs and video frames were taken for pitch angles between 0° and 20° and yaw angles between 0° and 10°.
The waverider vortical flowfield was similar to that associated with sharp leading edge delta wings with the primary
vortex separating at the leading edge and rolling up over the upper surface. However, a comparison of waverider with
delta wing data suggests that vortex core breakdown occurred at much lower angles of attack on the blunt nosed
(planform) waverider. :
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AN APPLICATION OF VIRTUAL PROTOTYPING TO THE FLIGHT TEST AND EVALUATION OF AN
UNMANNED AIR VEHICLE
Mark T. Lagier-Lieutenant Commander, United States Navy
B.S., Oregon State University, 1983
Master of Science in Aeronautical Engineering-March 1994
Adyvisor-Isaac I. Kaminer-Department of Aeronautics and Astronautics

Virtual Prototyping is an integral part of the ongoing effort to design, test and fly an Unmanned Air Vehicle. Current
analytical software such as SIMULINK or MATRIXx provide powerful design tools with limited graphical output, that
require an intimate knowledge of the underlying dynamic structure. For comprehension, Virtual Prototyping allows an
intuitive approach toward understanding the dynamic performance of the model. When the aircraft is flown within visual
range of the ground station, a Virtual Prototype display provides the pilot on the ground a close-up view of aircraft
response. When the aircraft operates over the horizon, a Virtual Prototype display becomes the only visual link between
the pilot and the aircraft. An application of a Virtual Prototype software is presented here with a direct view to
implementing the results in the UAV project currently underway at the Naval Postgraduate School.

PRELIMINARY PANSAT GROUND STATION SOFTWARE DESIGN AND USE OF AN EXPERT
SYSTEM TO ANALYZE TELEMETRY
Gregory Wade Lawrence-Lieutenant, United States Navy
B.S., United States Naval Academy, 1986
Aeronautical and Astronautical Engineer-March 1994
Master of Science in Astronautical Engineering-March 1994
Advisor: I. Michael Ross-Department of Aeronautics and Astronautics Department

The Petite Amateur Navy Satellite (PANSAT) is a digital communications satellite to be used by civilian amateur radio
operators. The master ground station at the Naval Postgraduate School performs satellite commands, displays telemetry,
trouble-shoots problems, passes messages, and controls an open loop tracking antenna. This paper concentrates on the
telemetry subsystem, and interpretation with an Expert System. When commanding the satellite, the ground station
software will verify the instruction with a ground-based simulator before it is sent to the satellite. Telemetry is displayed
in an easily interpretable format, so that any user can understand the current health of the satellite and be cued to any
problems and possible solutions. Only the master ground station has the ability to receive all telemetry and send
commands to the spacecraft; civilian ham users do not have access to this information. The telemetry data is
decommutated and analyzed before it is displayed to the user, so that the raw data will not have to be interpreted by
ground users. The analysis will use C Language Integrated Production System (CLIPS) imbedded in the code, and derive
its inputs from telemetry decommutation. The program is an expert system using a forward chaining set of rules based
on the expected operation and parameters of the satellite. By building the rules early in construction and design satellite,
the telemetry can be well understood and interpreted after the satellite is launched and the designer may no longer be
available to provide input to the problem.
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CYLINDER DRAG EXPERIMENT - AN UPGRADED LABORATORY
Clayton W. Miller-Lieutenant Commander, United States Navy
’ B.S., United States Naval Academy, 1982
Master of Science in Aeronautical Engineering-December 1993
Adpvisor: Richard M. Howard-Department of Aeronautics and Astronautics

A generalized automated data acquisition system was designed for the Naval Postgraduate School Low speed Wind
tunnel. A specific application of this system was to upgrade the current "Cylinder Drag Experiment” conducted during
AA2801 "Aero Laboratories I", an introductory aeronautical laboratory course taught at the Naval Postgraduate School.
Two methods of drag determination were used: pressure distribution and wake analysis (momentum method). Data from
these two methods were collected by a system based on a high speed analog/digital computer board, a standard 486 IBM-
type PC and data acquisition software. Characteristic methods of reducing data from this experiment are discussed. The
results obtained by analyzing the acquired data compared favorably to empirical data from previous circular cylinder
coefficient of drag experiments. This automated data acquisition system will facilitate future research and instructional
use of the wind tunnel.

AUTOMATION OF HARDWARE-IN-THE-LOOP TESTING
OF CONTROL SYSTEMS FOR UNMANNED AIR VEHICLES
Michael L. Moats-Lieutenant, United States Navy
B.S., University of Colorado at Colorado Springs
Master of Science in Aeronautical Engineering-September 1994
Advisor: Isaac I. Kaminer-Department of Aeronautics and Astronautics

Modern computing advances allow the aerospace controls engineer the ability to design, test, and implement automatic
control systems for air vehicles with breath taking speed and accuracy. This work examines the automation of the
hardware-in-the-loop testing and implementation of autonomous controllers for Unmanned Air Vehicles. Extraordinary
interest is generated in this subject considering automation results in hardware-in-the-loop testing within days of
completing a controller design. the entire automation process is presented, from design of the controller to
implementation on a particular control platform to hardware-in-the-loop testing of the controller. This accomplishes
control design and implementation in a matter of months compared to a few years or more before automation.

NUMERICAL OPTIMIZATION OF SYNERGETIC MANEUVERS
John C. Nicholson-Lieutenant, United States Navy
B.S.M.E., Purdue University, 1986
Aeronautical and Astronautical Engineer-June 1994
Master of Science in Astronautical Engineering-June 1994
Advisor: 1. Michael Ross-Department of Aeronautics and Astronautics

The use of atmospheric forces to produce an orbital plane change requires less energy than a pure exoatmospheric
propulsion maneuver. The combination of aerodynamic and propulsive forces to cause a change in orbital inclination
is termed a synergetic maneuver. Several methods have been proposed to control the critical heating rate while
performing the procedure. This thesis examines these control methods by numerically optimizing the trajectory for
several fuel weights and heat rate constraints. The Program Optimize Simulated Trajectories (POST) is used to simulate
the maneuvers and control schemes, and to perform the optimization. For no active heat constraints, it is shown that a
gliding atmospheric entry followed by a maximum throttle "bang" produces significantly more inclination change than
other proposed maneuvers. If the heat constraints are active, the recently proposed aerobang maneuver produces a
substantial inclination change while providing significant heating rate control and shows definite advantages over the
long-studied aerocruise maneuver.
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PROBABILISTIC RELIABILITY MODELING OF FATIGUE
ON THE H-46 TIE BAR
John C. O'Connor-Commander, United States Navy
B.S., University of Illinois, 1989
Master of Science in Aeronautical Engineering-September 1994
Advisor: Edward M. Wu-Department of Aeronautics and Astronautics

The H-46 helicopter has experienced early in-service failures in its tic bar. The tie bar is a multi-component systems that
is a critical part of the linkage, which attaches the rotor blade to the rotating hub of the helicopter. This research
developed methodology to predict the life of the tie bar under nominal operational flight loads. A probability model is
indispensable because a revised design has yet to accumulate field data, and laboratory testing can never be sufficiently
extensive for non-parametric reliability prediction. An algorithm was developed for three and four component systems
that will generate the probability of system failure based on the probability of failure in its components. Finite element
analysis was conducted on the tie bar to determine stress on each component for all possible damage configurations of
the tie bar. A given set of flight loads was resolved into boundary conditions for the stress analysis. A methodology was
developed to determine the probability of failure of each component using an idealized load history, based on the
expected stress-life (S-N) relation of the component at the stress levels experienced by the component. The result is a
prediction method that can fortify laboratory results to predict the probability of failure of a system given the system load
history. This model will be verified using the early in-service failure statistics of the current design and can be used to
assess revised designs. The model will provide a prediction of the failure distributions, (the bell-shaped distribution)
as a function of flight hours, for one, two, three, and four elements of failures within the leaves of the tie bar.

THE APPLICABILITY OF NEURAL NETWORKS TO IONOSPHERIC MODELING
IN SUPPORT OF RELOCATABLE OVER-THE-HORIZON RADAR
James Alan Pinkepank-Lieutenant, United States Navy
B.S.E.E., University of Florida, 1986
Master of Science in Aeronautical Engineering-September 1994
Adyvisor: D.J. Collins-Department of Aeronautics and Astronautics

Ionospheric models have been developed to interpret Relocatable Over-the-Horizon Radar data. This thesis examines
the applicability of neural networks to ionospheric modeling in support of Relocatable Over-the-Horizon Radar. Two
neural networks were used for this investigation. The first network was trained and tested on experimental ionospheric
sounding data. Results showed neural networks are excellent at modeling ionospheric data for a given day. The second
network was trained on ionospheric models and tested on experimental data. Results showed neural networks are able
to learn many ionospheric models and the modeling network generally agreed with the experimental data.

AN INVESTIGATION OF THE TRANSONIC PRESSURE COEFFICIENT
FOR AXI-SYMMETRIC BODIES
Eddy Priyono-Major, Indonesian Air Force
Mechanical Engineer, L.T.S., 1979
Master of Science in Aeronautical Engineering-March 1994
Advisor: Oscar Biblarz-Department of Aeronautics and Astronautics

This thesis investigates the pressure drag coefficient in the transonic regime over an axi-symmetric body, with a set of
unique contour surfaces developed in a previous thesis. The contour surfaces were obtained by an exact solution of the
small perturbation transonic equation, using the guidelines and tools developed at NPS. In this work, Computational
Fluid Dynamics (CFD) was not only used to compute the afterbody contour surface, but also to investigate a conical
afterbody and complete bodies, which are composed of an arbitrary forebody (ellipsoid) and variable afterbody (contour
and conical). Euler as well as Navier-Stokes flow-solvers were applied to the geometries of interest, giving Mach-
number contours for viscous and inviscid flow, pressure drag coefficient magnitude, and depicting shock wave locations.
On the basis of these results, it can be verified that our contour surface afterbodies will decrease by 15% the peak of the
pressure drag coefficient (;) versus Mach number curves in the transonic regime. These results can be used to design
low pressure drag surfaces for such shapes as missiles, projectiles and aircraft engine nacelles.
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ANODE SHEATH CONTRIBUTIONS IN PLASMA THRUSTERS
John Forrest Riggs-Lieutenant Commander, United States Navy
B.A., University of Kansas, 1982
Aeronautical and Astronautical Engineering-March 1994
Master of Science in Astronautical Engineering-March 1994
Advisor: Oscar Biblarz-Department of Aeronautics and Astronautics

Contributions of the anode to Magnetoplasmadynamic (MPD) thruster performance are considered. High energy losses
at this electrode, surface erosion, and sheath/ionization effects must be controlled in designs of practical interest. Current
constriction or spotting at the anode, evolving into localized surface damage and considerable throat erosion, is shown
to be related to the electron temperature's (T,) rise above the gas temperature (T,). An elementary one-dimensional
description of a collisional sheath which highlights the role of T, is presented. Computations to model the one-
dimensional sheath are attempted using a set of five coupled first-order, nonlinear differential equations describing the
electric field, as well as the species current and number densities. For a large temperature nonequilibrium (i.e.,T.> >T,),
the one-dimensional approach fails to give reasonable answers and a multidimensional description is deemed necessary.
Thus, anode spotting may be precipitated by the elevation of T, among other factors. A review of transpiration cooling
as a means of recouping some anode power is included. Active anode cooling via transpiration cooling would result in
(1) quenching T, (2) adding "hot" propellant to exhaust, and (3) reducing the local electron Hall parameter. However,
significant technical problems remain.

COLD FLOW SIMULATION OF THE ALTERNATE TURBOPUMP DEVELOPMENT TURBINE OF
THE SPACE SHUTTLE MAIN ENGINE HIGH PRESSURE FUEL TURBOPUMP
Richard J. Rutkowski-Lieutenant, United States Navy
B.S., United States Naval Academy, 1985
Master of Science in Aeronautical Engineering-March 1994
Advisor: Garth V. Hobson-Department of Aeronautics and Astronautics

Completion of the installation at the Naval Postgraduate School of a cold-flow test facility for the turbine of the Space
Shuttle Main Engine High Pressure Fuel turbopump is reported. The article to be tested is the first stage of the "Alternate
turbopump Development' model designed and manufactured by Pratt & Whitney. The purpose of the facility is to enable
the development of non-intrusive flow measurements and comparison of those measurements with numerical simulation.
Flow field characteristics of the turbine stator were predicted using a three-dimensional viscous flow code. A sensitivity
study was conducted to determine the effect of inlet profile to flow field solution. Recommendations are made for future
use of the test facility and validation of the numerical simulation scheme.

VIRTUAL PROTOTYPING AS AN AID FOR
CONTROL SYSTEMS ANALYSIS
Arnold P. Selnick-Lieutenant, United States Navy
B.S., Penn State University
Master of Science in Aeronautical Engineering-September 1994
Advisor: Isaac I. Kaminer-Department of Aeronautics and Astronautics

Virtual Prototyping provides an opportunity for control engineers to observe and evaluate their designs in a "real world"
setting without the costs or risks associated with flight test. Designers Workbench is a computer aided design tool that
allows a user to create, view, modify and animate three-dimensional databases. These may include instruments, avionics
displays and any out-the-window applications such as runways or terrain. The dynamic behavior os specific elements
can be observed by linking data to the desired element. In this way a realtime animation of the simulation can be
generated. The animation provides another analysis tool for the designer, by representing data in a more intuitive
environment. Data files from two separate controller simulations was used. Cockpit instrumentation was modelled and
used for each animation to monitor the aircraft states. In addition, each animation had an out-the-window perspective
to view the aircraft model as it flew the prescribed trajectory.




LASER ANEMOMETRY AND VISCOUS COMPUTATION OF THE FLOW THROUGH
AN ANNULAR TURBINE CASCADE
Joseph D. Spitz-Lieutenant Commander, United States Navy
B.S., University of Rochester, 1982
Master of Science in Aeronautical Engineering-March 1994
Advisor: Garth V. Hobson-Department of Aeronautics and Astronautics

An annular turbine cascade, designed for laser-Doppler velocimetry, was further modified to provide additional laser
and pressure probe access. The purpose of the research was to devise laser anemometry measurement techniques in a
confined annulus and improve the ability to compare numerical predictions with experimental results. Flowfield
computations were completed using a viscous flow solver, with the numerical exit plane coincident with experimental
measurement location. A data reduction program was written to transfer non-dimensional numerical output to the
experimental coordinate system for comparison of total pressure ratio, Mach number and flow angle. Endwall two-
dimensional laser measurements were obtained through a 1.0922 millimeter hole to a depth of approximately three
millimeters.

A COMPUTATIONAL INVESTIGATION OF WAKE-INDUCED AIRFOIL FLUTTER IN
INCOMPRESSIBLE FLOW AND ACTIVE FLUTTER CONTROL
Mark A. Turner-Lieutenant, United States Navy
B.S., Miami University, 1986
Master of Science in Aeronautical Engineering-March 1994
Advisor: Max F. Platzer-Department of Aeronautics and Astronautics

In this thesis several incompressible oscillatory flow and flutter problems are investigated. A previously developed
unsteady panel code for single airfoil bending torsion flutter analysis is compared to Theodorsen's classical theory. The
panel code agrees with published Theodorsen theory for natural frequency ratios (®,/@a) less than 1.2. In addition, a
two airfoil unsteady panel code was modified for one degree of freedom flutter analysis. Code verification is completed
by first comparing flat plate theory to the unsteady aerodynamic force and moment coefficients then using the equations
of motion to determine regions of instability. The active control of flutter is investigated by positioning a small control
airfoil in front of a neutrally stable reference airfoil. Results show that the flutter boundary may be changed through
the placement, oscillation or scaling of a second airfoil upstream. A comparison to pitch damping curves published by
Loewy confirms the USPOTF2F code is capable of predicting wake-induced airfoil flutter.

FLIGHT DYNAMICS OF AN UNMANNED AERIAL VEHICLE
Eric John Watkiss-Lieutenant, United States Navy
B.S., Georgia Institute of Technology, 1986
Master of Science in Aeronautical Engineering-March 1994
Advisor: Richard M. Howard-Department of Aeronautics and Astronautics

Moments of inertia were experimentally determined and longitudinal and lateral/directional static and dynamic stability
and control derivatives were estimated for a fixed wing Unmanned Air Vehicle (UAV). Dynamic responses to various
inputs were predicted based upon the estimated derivatives. A divergent spiral mode was revealed, but no particularly
hazardous dynamics were predicted. The aircraft was then instrumented with an airspeed indicator, which when
combined with the ability to determine elevator deflection through trim setting on the flight control transmitter, allowed
for the determination of the aircraft's neutral point through flight test. The neutral point determined experimentally
corresponded well to the theoretical neutral point. However, further flight testing with improved instrumentation is
planned to raise the confidence level in the neutral point location. Further flight testing will also include dynamic studies
in order to refine the estimated stability and control derivatives.
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COMBUSTOR AND NOZZLE EFFECTS ON PARTICULATE BEHAVIOR IN
SOLID ROCKET MOTORS
Biilent Yakin-Lieutenant Junior Grade, Turkish Navy
B.S., Turkish Naval Academy, 1986
Master of Science in Aeronautical Engineering-December 1993
Advisor: David W. Netzer-Department of Aeronautics and Astronautics

An investigation was conducted using a subscale solid rocket motor to measure the effect of nozzle residence time on
the behavior of A1,0; particles to assess the applicability of subscale motor data to full-scale motors and to measure the
effects of nozzle entrance particle size distribution on the slag accumulated with submerged nozzles. Although particles
as large as 140 _m were present at the nozzle entrance, most of the particulate mass was contained in much smaller
particles. The observation is in good agreement with the small mass that accumulated above the submerged nozzle. It
was found that both particle breakup and collision coalescence occurred across the exhaust nozzle, with a significant
increase in the mass fraction of small (<2 _m) particles. Increasing the nozzle residence time enhanced particle breakup
but did not affect the maximum plume particle size. Thus, full-scale motors are expected to have a higher percentage
of mass in particles less than 2 _m than subscale motors but with similar diameters of the largest particles.
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ANALYSIS AND RELATIVE MOTION PLOTTING SOFTWARE FOR STS-51
Lee Allen Barker-Lieutenant, United States Navy
B.S., United States Naval Academy, 1984
Master of Science in Astronautical Engineering-March 1994
Aeronautical and Astronautical Engineer-March 1994
Adyvisor: Rudolf Panholzer-Space Systems Academic Group

This thesis outlines the objectives, structure, and operation of the software designed to meet requirements set forth by
Development Test Objective 700-6 for the space shuttle Discovery mission STS-51. The primary goals were the
comparison of state vector information produced by GPS sources and Discovery's inertial navigation computer, and the
real-time display of relative position and rendezvous information between Discovery and a retrievable shuttle pallet
satellite. In-flight and post-flight examination of GPS and inertial state vectors provided the first step in the development
of GPS as an on-orbit navigation system. Analysis of the Orbiter and target satellite state vectors produced real-time
graphical displays of operationally significant data to the Discovery's flight crew during rendezvous and proximity
operations.

THEATER BALLISTIC MISSILE DEFENSE SYSTEM ARCHITECTURE AND AN
APPROACH TO SOLVING THE MULTIPLE REPORT PROBLEM
Barbara Anne Bell-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1983
M.S., University of Tennessee, 1991
Master of Science in Astronautical Engineering-September 1994
Advisor: Herschel Loomis-Department of Electrical and Computer Engineering

The purpose of this thesis is two-fold. First, this thesis defines the Theater Ballistic Missile (TBM) problem, the systems
involved in Theater Ballistic Missile Defense (TBMD), and the connectivity among the systems, or the system
architecture. Secondly, having defined the system architecture and having identified the problems associated with the
system architecture, this thesis proposes a solution to managing TBM data from multiple channels and from multiple
sources at the in-theater operator and in-theater commander level. This problem is defined as the multiple report
problem. Included in this thesis is an in-depth discussion of the space based sensors used in TBM warning, the tactical
and strategic processors used for downlinked data, the data distribution networks used in transferring the processed data
and the current and proposed Tactical Event Report System (TERS) architecture. The Aerospace Corporation's Joint
Tactical Event System Architecture Study for U.S. Naval Space Command is used in defining the multiple report problem
and is the basis for the thesis' approach to solving the multiple report problem. The approach to solving the multiple
report problem is intended as a "skeleton diagram” from which to proceed for a more specific solution. The conclusions
and recommendations describe areas to be considered in furthering a more detailed solution to the multiple report
problem.
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FIRST PRINCIPLES USED IN ORBITAL PREDICTION AND
AN ATMOSPHERE MODEL COMPARISON
Brian Evans Bowden-Lieutenant, United States Navy
B.S., The Military College of South Carolina,1986
Master of Science in Astronautical Engineering-June 1994
Adyvisor: Richard C. Olsen-Department of Physics

This thesis develops an orbital prediction model based on fundamental principles of orbital dynamics and drag. A
FORTRAN based orbital prediction scheme was designed to provide accurate ephemerides for a particular DoD satellite
program. The satellite program under study has satellites at 650 and 800 kilometers with high inclinations. In order to
obtain the highest accuracy possible, a comparison of atmospheric models had to be conducted in order to determine
which model was more accurate. Mathematical formulation for three widely used earth atmospheric models are
presented; the JACCHIA 60, JACCHIA 71, and MSIS 86 atmospheric models. The MSIS 86 atmospheric model was
not evaluated due to computer problems. Comparison of the two JACCHIA models proved that the JACCHIA 71 model
provided much more accurate ephemerides. It is believed that this is due not only to the incorporation of variations in
density caused by solar flux, but also geomagnetic activity and a better modeling of the polar regions. Further work on
this project would include incorporation of the MSIS 86 model for evaluation, incorporation of the full WGS-84
geopotential model, and using more accurate observed vectors in order to obtain a better comparison. Incorporating a
subroutine which will vary the B-factor as a function of latitude will greatly increase accuracy. This is a major deviation
from current operational practice, in that the B-factor is often used as an error catch-all and does not truly represent its
dynamical purpose.

LIFETIME AND REENTRY PREDICTION FOR THE PETITE
AMATEUR NAVY SATELLITE (PANSAT)
Daniel J. Cuff-Lieutenant, United States Navy
B.S., Drexel University, 1985
Master of Science in Astronautical Engineering-June 1994
Adyvisor: I. Michael Ross-Department of Aeronautics and Astronautics

The Naval Postgraduate School (NPS) is developing a small satellite for digital communications in the amateur frequency
band. The Petite Amateur Navy Satellite (PANSAT) will primarily act as an orbiting spread-spectrum communications
laboratory, possesses neither an attitude control nor a propulsion system and is designed to "tumble” along its orbital path
once it is released from the launch vehicle which is scheduled to be the Space Shuttle. An explanation of the many
variables and assumptions affecting PANSAT is provided as insight for the lifetime and reentry predictions. Using a
conservative approach, results from combining altitudes and inclinations from expected Space Shuttle missions, solar
flux and magnetic indices from three different sources, and the use of an orbital propagator program, LIFETIME 4.1,
which was developed by Aerospace Corporation, attest that the minimum 2 year lifetime requirement for PANSAT will
be met by 9 Shuttle missions between July 1996 and December 1997. A reentry analysis concluded that PANSAT will
experience sufficient aerodynamic forces to cause structural failure and breakup during atmospheric reentry.
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A COMPUTER CODE (SKINTEMP) FOR PREDICTING TRANSIENT MISSILE AND
AIRCRAFT HEAT TRANSFER CHARACTERISTICS
Mary L. Cummings-Lieutenant, United States Navy
B.S., United States Naval Academy, 1988
Master of Science in Astronautical Engineering-September 1994
Advisor: Conrad F. Newberry-Department of Aeronautics and Astronautics

A FORTRAN computer code (SKINTEMP) has been developed to calculate transient missile/aircraft aerodynamic
heating parameters utilizing basic flight parameters such as altitude, Mach number, and angle of attack. The insulated
skin temperature of a vehicle surface on either the fuselage (axisymmetric body) or wing (two-dimensional body) is
computed from a basic heat balance relationship throughout the entire spectrum (subsonic, transonic, supersonic,
hypersonic) of flight. This calculation method employs a simple finite difference procedure which considers radiation,
forced convection, and non-reactive chemistry. Surface pressure estimates are based on a modified Newtonian flow
model. Eckert's reference temperature method is used as the forced convection heat transfer model. SKINTEMP
predictions are compared with a limited number of test cases. SKINTEMP was developed as a tool to enhance the
conceptual design process of high speed missiles and aircraft. Recommendations are made for possible future
development of SKINTEMP to further support the design process.

A SIMULATION OF PLASMA MOTION IN
THE POLAR IONOSPHERE
David W. Deist-Captain, United States Marine Corps
B.S., United States Naval Academy, 1985
Master of Science in Astronautical Engineering-September 1994
Adyvisor: David D. Cleary-Department of Physics

A model of plasma motion in the polar ionosphere is presented. Plasma motion due to polar convection and corotation
above 50° N is modeled. The universal time (UT)-dependent corotation electric field (in the geomagnetic frame) is
added to a polar convection electric field that is UT-dependent in the geographic frame and the total is displayed in both
reference frames. To simulate actual magnetic conditions, varying polar convection patterns may be used by the model
we have developed. Trajectories of single plasma parcels and regions of plasma are calculated. The calculated

_ trajectories are displayed in the geographic and magnetic inertial reference frames. The model developed is applied to

the study of a region of electron depletion near the pole, a polar hole. Changes in the size and location of the polar hole
are explained in terms of a changing convection pattern. The results of this thesis are being used by the Johns Hopkins
University Applied Physics Laboratory to further study ionospheric plasma motion.

A COMPARISON OF DIFFERENT CONTROL METHODS FOR VIBRATION
SUPPRESSION OF FLEXIBLE STRUCTURES USING PIEZOELECTRIC ACTUATORS
Mark G. Feuerstein-Lieutenant Commander, United States Navy
B.S., Purdue University, 1981
Master of Science in Astronautical Engineering-June 1994
Advisor: Brij Agrawal-Department of Aeronautics and Astronautics

This paper compares the use of Phase Lead Control and Integral control methods to the Positive Position Feedback (PPF)
method of suppressing the primary and secondary modes of vibration of a flexible structure. The basic characteristics
of piezoelectric sensors and actuators are reviewed. Integral, Phase Lead, and PPF control methods of interest are also
reviewed. The Integral and Phase Lead control methods prove to be comparable to that of PPF while offering a simpler
implementation.
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DESIGN AND ANALYSIS OF THE LAUNCH VEHICLE ADAPTER
FITTING FOR THE PETITE AMATEUR NAVY SATELLITE (PANSAT)
Brian Bernard Gannon-Lieutenant, United States Navy
B.S., Illinois Institute of Technology, 1985
Master of Science in Astronautical Engineering-September 1994
Advisor: Sandra L. Scrivener-Department of Aeronautics & Astronautics

The Petite Amateur Navy Satellite (PANSAT) is a small communications satellite being developed at the Naval
Postgraduate School. This thesis provides a structural design and analysis for adapter fitting which mates PANSAT to
the space shuttle Get Away Special (GAS) cannister launching system. Launch vehicle loading and interface
requirements were combined with PANSAT design priorities to determine design specifications. Structural Dynamics
Research Corporation's I-DEAS Masters Series software was utilized to model two adapter designs. The finite element
solver in I-DEAS was used to analyze the two designs for strength and natural frequency. Design and analysis of
fasteners, used to attach the adapter fitting to PANSAT, were also conducted. The results showed that a titanium alloy
adapter, which does not shadow the solar arrays, and stainless steel fasteners exceeded all design specifications.

AN ANALYSIS OF A SINGLE-BURN ALGORITHM
FOR LOW-EARTH ORBIT MAINTENANCE
Paul Alan Gardner-Lieutenant, United States Navy
B.S., United States Naval Academy, 1986
Master of Science in Astronautical Engineering-June 1994
Advisor: I.M. Ross-Department of Aeronautics and Astronautics

With the requirement for a spacecraft to maintain an orbital altitude band, a simple energy balance algorithm has been
developed using a combination radial distance and spacecraft specific energy for fixed-vector thruster control. While
each trajectory produces a unique band, initial attempts at producing a pre-specified band have been unsuccessful. It
is theorized that a certain radial bandwidth would correspond to a specific set of control parameters, and that by creating
maps of the relationship between the two for various spacecraft configurations a method of maintaining the pre-specified
band could be found. This thesis studies variations in spacecraft configurations and finds dependence of orbital
bandwidth on thrust-to-drag ratio and ballistic coefficient. Also, within certain ranges of the control parameters, multiple
trajectories produce equivalent radial bands. Analysis shows that all single-burn trajectories are characterized by similar
efficiencies, and are less efficient than a Forced Keplerian Trajectory (FKT).

30




SOOT PARTICLE DENSITY DETERMINATION FROM A LASAR
EXTINCTION MULTIPASS TECHNIQUE
Gregory E. Glaros-Lieutenant, United States Navy
B.S., United States Naval Academy, 1986
Master of Science in Astronautical Engineering-September 1994
Advisors: Oscar Biblarz and David W. Netzer-Department of Aeronautics & Astronautics

Methods of measuring soot particle densities have been of interest for several decades. Plume signature determination
of both rocket and air-breathing engines is of concern when applied to pollution and theater missile bassistic defense
strategies. Application of non-intrusive traditional techniques employing Bouguer's law relied on Sauter mean diameter,
statistical deviation and the probability density function in order to compensate for the abiguities present in the extension
of classical Mie theory. Our investigation developed an apparatus which will determine soot particle densities by
measuring extinction from absorption of light energy transmitted through an exhaust plume. The method used was a two-
pass technique using an optical phase conjugator (OPC) which returned the non-absorbed portion of light energy. When
the apparatus was used with a retroreflector, it produced accurate results but did not compensate for thermal blooming
or beam steering. Characteristics of a photorefractive crystal used in the OPC process allowed for the return of an
incident beam corrected for aberrations. Although the OPC returned the phase conjugate of the incident beam its size
precluded the return of all of the transmitted data because data was lost on the blossomed beam.

PRELIMINARY PANSAT GROUND STATION SOFTWARE DESIGN AND USE OF AN EXPERT
SYSTEM TO ANALYZE TELEMETRY
Gregory Wade Lawrence-Lieutenant, United States Navy
B.S., United States Naval Academy, 1986
Master of Science in Astronautical Engineering-March 1994
Aeronautical and Astronautical Engineer-March 1994
Advisor: 1. Michael Ross-Department of Aeronautics and Astronautics

The Petite Amateur Navy Satellite (PANSAT) is a digital communications satellite to be used by civilian amateur radio
operators. The master ground station at the Naval Postgraduate School performs satellite commands, displays telemetry,
trouble-shoots problems, passes messages, and controls an open loop tracking antenna. This paper concentrates on the
telemetry subsystem, and interpretation with an Expert System. When commanding the satellite, the ground station
software will verify the instruction with a ground-based simulator before it is sent to the satellite. Telemetry is displayed
in an easily interpretable format, so that any user can understand the current health of the satellite and be cued to any
problems and possible solutions. Only the master ground station has the ability to receive all telemetry and send
commands to the spacecraft; civilian ham users do not have access to this information. The telemetry data is
decommutated and analyzed before it is displayed to the user, so that the raw data will not have to be interpreted by
ground users. The analysis will use C Language Integrated Production System (CLIPS) imbedded in the code, and derive
its inputs from telemetry decommutation. The program is an expert system using a forward chaining set of rules based
on the expected operation and parameters of the satellite. By building the rules early in construction and design satellite,
the telemetry can be well understood and interpreted after the satellite is launched and the designer may no longer be
available to provide input to the problem.
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NUMERICAL OPTIMIZATION OF SYNERGETIC MANEUVERS
John C. Nicholson-Lieutenant, United States Navy
B.S.M.E., Purdue University,1986
Master of Science in Astronautical Engineering-June 1994
Aeronautical and Astronautical Engineer-June 1994
Adyvisor: 1. Michael Ross-Department of Aeronautics and Astronautics

The use of atmospheric forces to produce an orbital plane change requires less energy than a pure exoatmospheric
propulsion maneuver. The combination of aerodynamic and propulsive forces to cause a change in orbital inclination
is termed a synergetic maneuver. Several methods have been proposed to control the critical heating rate while
performing the procedure. This thesis examines these control methods by numerically optimizing the trajectory for
several fuel weights and heat rate constraints. The Program Optimize Simulated Trajectories (POST) is used to simulate
the maneuvers and control schemes, and to perform the optimization. For no active heat constraints, it is shown that a
gliding atmospheric entry followed by a maximum throttle "bang" produces significantly more inclination change than
other proposed maneuvers. If the heat constraints are active, the recently proposed aerobang maneuver produces a
substantial inclination change while providing significant heating rate control and shows definite advantages over the
long-studied aerocruise maneuver.

THERMAL ANALYSIS OF PANSAT BATTERIES AND ELECTRICAL POWER SUBSYSTEM
Sheila A. Patterson-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1982
Master of Science in Astronautical Engineering-September 1994
Advisor: 1. Michael Ross-Department of Aeronautics & Astronautics

The thermal design of a spacecraft ensures proper heat transfer so al components and subsystems remain within
prescribed temperature limits during all aspects of the spacecraft's mission. This thesis develops a point-to-point heat
flow model of the Electrical Power Subsystem (EPS) and its associated housing for the Petite Amateur Navy Satellite
(PANSAT). The analysis was performed to identify physical locations in the EPS where temperatures may exceed the
limits established to protect sensitive electronic components, and to define the expected environment of the batteries.
The Integrated Thermal Analysis System (ITAS) and a Steady State Thermal Analyzer and Model Builder were used
'to perform steady state and transient analyses on the EPS: analysis of the batteries was performed using ITAS only. The
simulated transient temperatures within the EPS housing remained within limits, but the batteries exceeded specifications.
It is suggested that a passive thermal control technique be adapted for the batteries and its design be experimentally
validated before flight.

AN ANALYSIS OF ORBITAL PROPAGATORS FOR
- LOW EARTH ORBIT RENDEZVOUS
Kenneth Raymond Pollock-Lieutenant, United States Navy
B.A., University of Virginia, 1988
Master of Science in Astronautical Engineering-September 1994
Advisor: Clyde Scandrett-Departiment of Mathematics

This thesis examines the performance of three different orbital propagators to determine which provides the best
performance for use in Low Earth Orbit Rendezvous. The performance evaluation is based upon the propagator's
accuracy and the amount of time required to produce a solution. A Cowell high-fidelity propagator is used as a base line
for comparison with an Encke and Clohessy-Wiltshire propagator. To further enhance the examination a Jacchia-70
atomospheric model and a GEM-9 Geopotential model are used to provide perturbing acceleraton inputs to the
propagators. All comparisons are performed in a Local Vertical, Local Horizontal Reference Frame with the target
spacecraft at the coordinate center. Tainting of the input data set by a prior processor make the findings suspect.
Findings support the prediction that while the Cowell propagator is the most accurate it also takes the most time to
achieve results. Also, the Clohessy-Wiltshire, while taking the least time is the most inaccurate. The Encke propagator
delivers the most balanced result.
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ANALYSIS OF THE FIRST SUCCESSFUL FLIGHT OF GPS
ABOARD THE SPACE SHUTTLE
Stephen Paul Rehwald, Jr.-Lieutenant, United States Navy
B.S., United States Naval Academy, 1986
Master of Science in Astronautical Engineering-March 1994
Advisor: Randy L. Wight-Space Systems Academic Group
and
Carolyn Louise Tyler-Lieutenant, United States Navy
B.S. Mary Washington College, 1986
Master of Science in Astronautical Engineering-March 1994
Advisor: Randy L. Wight-Space Systems Academic Group

A Trimble Advanced Navigation Sensor (TANS) Quadrex Global Positioning System (GPS receiver processing unit and
three antenna/preamplifier assemblies were flown aboard Space Shuttle Discovery, STS-51, as part of DTO 700-6, GPS
On-orbit Demonstration (GOOD). The experiment was designed to quantify advantages and identify potential problem
areas for Space Shuttle GPS operations using a low cost, commercial, space configured, GPS receiver. GPS data,
including position, velocity, time, health, and status information were recorded during the mission. Following the
mission, a reference trajectory was generated by NASA Johnson Space Center through post-processing of the Orbiter's
on board navigation state. The recorded GPS data has been analyzed and compared to the reference trajectory to
evaluate the navigational performance of the receiver. Additionally, post-flight filtering of the GPS data has been
performed in order to determine whether a significant increase in performance may be obtained through filtering.

ANODE SHEATH CONTRIBUTIONS IN PLASMA THRUSTERS
John Forrest Riggs-Lieutenant Commander, United States Navy
_ B.A., University of Kansas, 1982
Master of Science in Astronautical Engineering-March 1994
Aeronautical and Astronautical Engineer-March 1994
Advisor: Oscar Biblarz-Department of Aeronautics and Astronautics

Contributions of the anode to Magnetoplasmadynamic (MPD) thruster performance are considered. High energy losses
at this electrode, surface erosion, and sheath/ionization effects must be controlled in designs of practical interest. Current
constriction or spotting at the anode, evolving into localized surface damage and considerable throat erosion, is shown
to be related to the electron temperature's (T,) rise above the gas temperature (T,). An elementary one-dimensional
description of a collisional sheath which highlights the role of T, is presented. Computations to model the one-
dimensional sheath are attempted using a set of five coupled first-order, nonlinear differential equations describing the
electric field, as well as the species current and number densities. For a large temperature nonequilibrium (i.e.,T.> >T,),
the one-dimensional approach fails to give reasonable answers and a multidimensional description is deemed necessary.
Thus, anode spotting may be precipitated by the elevation of T, among other factors. A review of transpiration cooling
as a means of recouping some anode power is included. Active anode cooling via transpiration cooling would result in
(1) quenching T,, (2) adding "hot" propellant to exhaust, and (3) reducing the local electron Hall parameter. However,
significant technical problems remain.
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INVESTIGATION OF THE EFFECTS OF SOLID ROCKET PROPELLANT
COMPOSITION ON PLUME SIGNATURE
Clay James Snaza-Lieutenant Commander, United States Navy
‘ B.S., Central Washington University, 1983
Master of Science in Astronautical Engineering-June 1994
Adyvisor: David W. Netzer-Department of Aeronautics and Astronautics

Three propellants with aluminum/silicon weight percentages of 18/0%, 13.5/4%, and 12/6% were fired in a subscale
motor to determine if the plume infrared signature could be reduced without a significant loss in a specific impulse.
Spectral measurements from 2.5 to 5.5 pm and thermal measurements form 3.5 to 5.0 um were made. Plume particle
size measurements showed that only particles with small diameters (less than 1.93um) were present with any significant
volume. Replacing a portion of the aluminum in a highly metallized solid propellant with silicon was found to eliminate
the A1,0; in favor of SiO, and A1,S1,0,5, without any change in particulate mass concentration or any large change in
particle size distribution. These particulates were found to have significantly lower absorptivity than A1,0,. An
additional investigation was conducted to determine the particle size distribution at the nozzle entrance. Malvern
ensemble scattering, phase-Doppler single particle scattering and laser transmittance measurements made through
windows in the combustion chamber at the nozzle entrance indicated that large particles were present (to 250um).
However, most of the mass of the particles was contained in particles with diameters smaller than Sum. Approximate
calculations made with the measure data showed that if 100 um particles are present with the smoke (particles with
diameters less than 2um) they could account for only approximately 10% of the particle volume.

COMPUTER GRAPHICS TOOLS FOR VISUALIZING GRAVITY
GRADIENT TORQUES ON A RIGID SPACECRAFT
Jeffrey Alan Stewart-Lieutenant, United States Navy
B.S., Tennessee Technological University, 1984
Master of Science in Astronautical Engineering-September 1994
Advisor: 1. Michael Ross-Department of Aeronautics & Astronautics

This thesis provides students with a set of graphics tools allowing them to better visualize the effects of gravity-gradient
torques on a rigid spacecraft in a low earth orbit. It allows the user to select from a variety of rigid bodies of different
configurations, place them in any orientation at any altitude, apply the appropriate gravity-gradient moments to the body
and immediately see the effect on the rigid body. This is accomplished through interactive computer graphics routines,
written to run on Silicon Graphics computers. The thesis includes a presentation of the theory involved in the
programming of the physical properties and then discusses the basics of computer graphics including a more detailed
look at the specific implementation for this thesis. A detailed user's guide is included to train students to use the tools
as expeditiously as possible. It concludes with recommendations for further study in this area.

DESIGN OF A COLD FLOW TEST FACILITY FOR THE HIGH PRESSURE FUEL TURBOPUMP OF
THE SPACE SHUTTLE MAIN ENGINE
Colin Charles Studevan-Lieutenant, United States Navy
B.S., U.S. Naval Academy, 1985
Master of Science in Astronautical Engineering-December 1993
Advisor: Garth V. Hobson-Department of Aeronautics

The design and installation at the Naval Postgraduate School of a cold flow test facility for turbine of the high pressure
fuel turbopump of the Space Shuttle Main Engine, is reported. The specific article to be tested is the "Alternate
Development Model" designed and manufactured by Pratt & Whitney. The design of the individual components is
documented. The installation of the facilities subsystems is described in detail. A preliminary estimation of turbine
performance is made.
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ANALYSIS OF THE FIRST SUCCESSFUL FLIGHT OF GPS
ABOARD THE SPACE SHUTTLE
Carolyn Louise Tyler-Lieutenant, United States Navy
B.S. Mary Washingto